Acquisition of two-way avoidance by mice was slower with a light CS than with a buzzer CS, with punishment of intertrial responses than without punishment, and with a short CS-CS interval than with a long CS-CS interval (30 vs. 60 sec). Light-cued avoidance was little affected by shock level (.35-1.5 mA), whereas mice trained with the buzzer CS learned faster at 1.5 mA. Animals required to move away from light or toward light showed comparable rates of acquisition. Other CS, US, and apparatus variables (directionality of cue, maximal shock duration, and presence vs. absence of a central partition in the shuttlebox) interacted in a complex fashion with those already mentioned. This resulted in widely differing performances in what may superficially appear to be different versions of the same task. The differences in mouse and rat responses to some of the variables can contribute to an understanding of the interactions between organismic and test factors and the relative explanatory value of alternative avoidance models.
Comparisons of escape-avoidance performance among several rodent species have suggested what some of the mechanisms underlying behavior regulation may be. For example, a strong locomotor bias in gerbils can explain their poor performance, compared with that of rats, in passive avoidance and their efficient performance in two-way active avoidance (Ashe & McCain, 1972; Galvani, Riddell, & Foster, 1975; Walters & Abel, 1971) . This bias can also explain why gerbils perform poorly in a two-way task if intertrial crossings are punished. In fact, in this situation, a high shock rate results from their inability to suppress locomotion (Osborne, Caul, & Vanstrum, 1976) .
Few efforts to confront alternative explanations of avoidance performance have been made with mice. In fact, a number of critical interactions known to occur with rats have yet to be assessed in mice trained in comparable conditions. Rats and mice are closely related taxonomically, but they differ in important characteristics such as body size and pattern of activity (see below). Consequently, the present experiments focused on possible interactions between such factors as CS modality and directionality, shock (US) intensity and duration, intertrial-interval duration, intertrial-response consequences, and apparatus factors. It is appropriate to note here that this type of approach does not necessarily require a direct comparison, in the same experiments, of two or more species, particularly when fairly complex designs must be adopted for This research was supported as part of the Subproject on Neurobehavioral Pathophysiology (main project: Noninfectious Pathology) of the Istituto Superiore di Sanita, Roma, Italy. We regret to report the death of Valerio Giardini on August 2, 1985. Reprint requests should be sent to the first author. Laboratorio di Fisiopatologia di Organo e di Sistema. Istituto Superiore di Sanita, Viale Regina Elena 299.1-00161 Roma. Italy. the purposes of the study. The comparison occurs, rather, at the level of the pattern of data generated.
EXPERIMENTS lA-Ie
The acquisition of bidirectional avoidance by rats is impaired by conditions that presumedly make the animal ,'reluctant" to return to the place of previous punishment. Such conditions include punishment of intertrial crossings (Bignami, Amorico, FrontaIi, & Rosie, 1971; Schwartzbaum, Green, Beatty, & Thompson, 1967 ; for a similar effect of intertrial response prevention, see Moot, Nelson, & Bolles, 1974) and increases in shock intensity (Anisman & Waller, 1972; Archer, Ogren, & Johansson, 1984; Bauer, 1972; Bignamiet al., 1971; Cicala, Owen, & Hill, 1976; Henderson, 1970; Johnson & Church, 1965; Levine, 1966; McAllister, McAllister, & Douglass, 1971; Moyer & Korn, 1964; Schwartzbaum et al., 1967; Theios, Lynch, & Lowe, 1966) . A similar assertion can tentatively be made with regard to the impairment of rat avoidance obtained by the use of a central partition with an opening of limited size at floor level (Bignami et al., 1971; Dalby & Shuttlesworth, 1978; Henderson, 1970;  for preexposure conditions modifying this effect, see Alleva, De Acetis, Amorico, & Bignarni, 1983) . In fact, the periods of shock experienced by animals moving in a random fashion in the initial stages of training, before they learn to reach the safe part of the box, are more extended in the presence of a partition than in its absence.
Shock intensity and other related effects have generally been explained either by response competition models (Moyer & Korn, 1964; Theios et al., 1966) or by reinforcement models (Dieter, 1977; McAllister et al., 1971; McAllister, McAllister, Dieter, & James, 1979) . However, the controversy on this point does not need to be considered for the purposes of the present work.
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In somemouse strains, bidirectional avoidance wasunaffected or even facilitated by a high shock level (Carran, Yeudall, & Royce, 1964; Royce, 1966) . Thisresult, however, may have been due to the use of a buzzer signal, because acoustic stimuli can be very effective as active avoidance CS (for differences between acoustic and visual signals in rat avoidance, see Biederman, 1967; Bolles, Hargrave, & Grossen, 1970; Frontali & Bignami, 1973 , 1974 Jacobs & LoLordo, 1977; Myers, 1964 Myers, , 1977 Rosie, Frontali, & Bignami, 1969; Schindler & Weiss, 1982; Whittleton, Kostanek, & Sawrey, 1965 ; for mice see Oliverio, 1967) .
Experiment lA (see Table 1 ) investigated the role of CS modality (light vs. buzzer noise), intertrial contingency (presence or absence of intertrial response punishment), and partition (presentor absent). All mice were trained with a high shock intensity (1.5 rnA). Experiment IB compared two shock intensities (0.35 and 1.5 rnA), along withCS modality andintertrial response punishment. The training of all mice was undertaken with a partition in place. Experiment lC compared four different shockintensities (.35, .6, 1, and 1.5 rnA) and either punishment or no punishment of intertrial crossings. In addition to the partition, all animals were trained with a light CS.
Method
Subjects. Naive male mice of an outbred Swiss-derived strain (CD-I), weighing 25-30 g, were obtained from Charles River Italia (22050 Calco, Italy) . Upon arrival at the laboratory, the animals were housed in groups of 4 to 6 in 33 x 15 x 12 cm plastic cages (group size was constant throughout the experiment) and permitted ad-lib access to pellet food and water. Except during testing hours, when they were moved to the laboratory, the mice were kept in a conventional animal room with air conditioning (temperature 22 0 ±I 0 C, relative humidity 50% ±10%), and artificial lighting from 6 p.m. to 6 a.m.
Apparatus. Eight 39 x 9 x 17 em sound-insulated shuttleboxes (Ugo Basile, 21025 Comerio-Varese, Italy) were used either with or without a central partition that had a 4.5-cm-diam circular opening. When the partition was fitted into the cage, part of the opening (I em on the vertical diameter) was below the grid floor (see below); the maximal width of the opening itself was 1.25 em above floor level. Two 3-W bulbs were on either side of the center of the ceiling. When the partition was absent, the light CS was always nondirectional. When the partition was used, the light CS could be either nondirectional (illumination of both compartments) or directional (only one side illuminated). A commercial buzzer (standard 200-250-V ac model made by Bassano Ticino, 20122 Milano, Italy, used without the plastic lid), which was placed between the shuttlebox and the sound-insulating container, provided a loud nondirectional noise signal (about 90 dB inside the shuttlebox). The oil-dampened tilting floor, which was constructed of 1.5-mm-diam rods spaced 7 mm apart, could be electrified by a mechanical scrambler and a 70-1d1 resistor in series (desired nominal intensity obtained by varying the voltage).
Procedure. All animals received 10 daily avoidance sessions in 2 consecutive weeks (Monday through Friday). Each session was made up of 50 trials, with an interval of 30 sec between successive CS presentations and an interval of 5 sec between onset of CS and onset of shock (US). A response during the CS-US interval terminated the CS and prevented shock; a response after US onset terminated both stimuli simultaneously. The maximal duration of CS and US together in the case of nonresponding was 10 sec. In Experiment IA (see Table 1 ),9 mice were assigned at random to each of eight experimental conditions with nondirectionallight or noise as CS, with or without punishment of intertrial responses, and with or without a central partition. The shock intensity was 1.5 rnA for all groups. When the animals were shocked for intertrial responding, the CS was turned on for the duration of punishment, which lasted until the animal recrossed the shuttlebox.
In Experiment IB (see Table I ), all animals were run with the central partition in place; the CS modality and the intertrialpunishment condition were varied as in Experiment IA, and the shock intensity was either .35 or 1.5 rnA (N =12 in each of the eight groups). In all but an occasional mouse, the lower intensity produced escape but no other signs of distress. The higher intensity produced squealing, running, and jumping in all animals.
In Experiment IC (see Table I ), all mice were run with the central partition in place and a nondirectionallight CS; the independent variables were presence or absence of intertrial response punishment and four different shock levels (.35, .6, I, and 1.5 rnA;N = 12 in each of the eight groups). This experiment was conducted mainly to ascertain whether or not a nonmonotonic (inverted-U shaped) shock-intensity function was missed in Experiment IB, using two widely differing shock levels.
All designs were completely counterbalanced with respect to assignment of animals to different shuttleboxes within each of the intertrial conditions and to different times of testing (same time for each animal in successive sessions). Testing occurred between However, groups trained with the buzzer CS were less sensitive to the depressant effect of intertrial response punishment, particularly in the 2nd week [CS x intertrial condition, F(l,64) = 4.45, P < .05].
The differences in trends in successive days of the lst week were confirmed by significant interactions between CS modality and sessions [F(4,256) = 10.11, P < .001] and between intertrial condition and sessions [F(4,256) = 2.73, P < .05]. On the other hand, partition effects were generally not large and rather selective. During the 1st week, the depressant influence of intertrial response punishment was more marked without than with the partition in buzzer-CS animals, but not in light-CS animals [CS x partition x sessions, F(4,256) = 2.71, P < .05].
Among the groups with light CS, only the one run without intertrial response punishment and without the partition showed substantial increments in the 2nd week, ending up at a final level similar to that of the buzzer groups [interaction between all four factors, F(4,256) = 3.93,
Intertrial crossings ( Figure 1 , lower graphs; see legend for the adjustments used to make the rates comparable to those of avoidance) were significantly reduced by the presence of the partition, by punishment of intertrial responses, and by the noise CS (main effects and/or their interactions with sessions were all significant in both weeks; statistical details omitted for brevity). The enhancing effects of absence of intertrial response punishment and absence of partition were more than additive [partition x intertrial condition, F(l,64) = 6.94, P < .025].
Experiment lB. This experiment (Figure 2 ) confirmed the differences in avoidance acquisition due to type of CS and to intertrial condition (main effects highly significant in both weeks). However, avoidance acquisition was somewhat facilitated by punishment of intertrial responses in the buzzer groups, particularly the group exposed to the higher shock level [CS x intertrial condition-1 st week, F(l,88) = 5.68, P < .025; 2nd week, F(l,88) = 5.75, P < .025]. Although light CS groups performed similarly at both shock intensities, the acquisition of buz-BIDIRECTIONAL AVOIDANCE BY MICE 441 zer avoidance was impaired by reduction of the shock level
[CS x intensity-1st week, F(l,88) = 5.59, P < .025; CS x intensity x sessions-2nd week, F(4,352) = 2.92, P < .025].
Intertrial crossings were similar to those of Experiment lA, showing significant reductions of activity due to intertrial response punishment and to the higher shock intensity. The effects of these two variables were more than additive, and substantial numbers of intertrial responses were measured only in the groups trained with a low shock intensity and without intertrial punishment [intensity X intertrial condition-1st week, F(l,88) = 8.38, p < .005; 2nd week, F(l,88) = 9.75, p < .0025; when comparing these data with those of Figure lone should remember that all groups in Experiment IB were trained with a partition]. In the absence of intertrial response punishment, intertrial crossings were more frequent in the light-CS groups than in the buzzer-CS groups. This difference, however, reached statistical significance only in the lst week [CS x sessions, F(4,352) = 3.90, p < .005; CS x intertrial condition x sessions, F(4,352) = 2.60, P < .05].
Experiment Ie. This experiment confirmed the absence of shock-intensity effects on light-cued avoidance and the retarding influence of intertrial response punishment.
Discussion
In an order of increasing complexity, the results of Experiments 1A-IC can be summarized as follows. Although the buzzer was a much more effective CS than light, the frequency of intertrial crossings tended to be lower with the former than with the latter signal. In the groups trained with the light CS, intertrial response punishment retarded avoidance acquisition and reduced the frequency of intertrial crossings to very low levels. The effects of the intertrial contingency, however, were more variable in the case of the buzzer CS, sometimes resulting in superior performance in the presence of intertrial response punishment. Shock level did not affect light-eued avoidance, but buzzer groups performed somewhat better with 1.5-rnA than with .35-rnA shock. Moreover, intertrial crossings were more frequent at the lower than at the higher intensity level, which indicates that the effects of the intensity variable on activity and avoidance were dissociated from one another. Finally, the effects of the apparatus factor (presence vs. absence of the central partition) were limited and rather selective; for example, the absence of both partition and intertrial response punishment allowed one of the light-CS groups to reach a final avoidance level substantially higher than the levels reached by the other groups trained with the same signal. To some extent, the effects of this variable on avoidance and activity were also dissociated from one another, since most groups trained without the partition showed an elevation of intertrial crossings (for further analysis of partition effects, see Discussion in Experiment 3 and General Discussion below). .. 
Srssions
Figure I. Avoidance acquisition by mice trained, in Experiment lA, with either a buzzer or a UgbtCS (both nondirectional), with or without punishment of intertrial (I.T.) crossings, and with or without a centrai partition in the shuttlebox (all groups with 1.5-mA shock and 3O-sec CS-CS intervals). The frequency of I.T. crossings Is adjusted to allow direct comparison with that of avoidances, both by subtracting forced recrossings by animals punished for intertrial responding and by taking into account intertrial interval duration relative to CS-US interval duration. Avoidance acquisition was faster with the buzzer than with the Ugbt CS and faster in the absence than in the presence of intertrial response punishment. The groups trained without the partition showed a slight faclUtation, except when the buzzer CS was combined with intertrial response punishment.
How do these mice data compare with the effects previously reported with rats? Effects of intertrial contingencies and CS modality were generally similar. Specifically, a buzzer was an effective avoidance signal even in conditions producing a marked suppression of intertrial responses. Of course, an understanding of CS modality effects also requires extensive information on unconditioned, pseudoconditioned, and classically conditioned responses to various types of stimuli (see, e.g., Izquierdo & Cavalheiro, 1976; Jacobs & LoLordo, 1980; Katzev & Mills, 1974; Myers, 1960 Myers, , 1965 Oliverio, 1968; Sigmundi & Bolles, 1983 ; for the aversive properties of acoustic stimuli on mice, see Baron & Kish, 1962 ).
The effects of shock level and of the apparatus factor differed from those observed in rats. This is especially striking because these variables affected intertrial respond- 2 Figure 2 . Avoidance acquisition by mice trained, in Experiment IB, witb either a buzzer or a light es (both DOndirectional), with or without punishment of intertrial (I.T.) crossings, and either a low or a high shock level (all groups witb the partition and 3O-sec es-cs inte"a1s). Animals trained witb the buzzer es showed some impairment at the lower shocklevel, but light es groups performed similarly at both intensities. By contrast, the lower shock level produced an increase 01overall activity in the absence of intertrial response punishment (for rate adjustments see caption for Figure I ). Experiment Ie (not reported in detail) showed DO effects of four different shock levels (.35, .6, I, and 1.5 mAl on lIghto<ued avoidance.
ing in the direction suggested by rat experiments; for example, crossings were reduced to practically zero whenevera high intensity and a partition were combined with intertrial response punishment. Higher intensities than those used here might depress mouse bidirectional avoidance. However, the 1.5-mA level was more than four times above that which sufficed to produce reliable escape. In addition, all mice trained with 1.5-rnA shock initially showed many signs of distress, such as loud squealing, wild running, andjumping. At a comparable punishmentlevel, all experiments with rats haveshown a depression of bidirectional avoidance, except in the case of manipulations aimed specifically at a reduction of fearconditioning to general apparatus cues (see particularly Dieter, 1977, and McAllister et al., 1979) . In this way, bidirectional noise-eued avoidance in mice resembles one-way, rather than two-way, avoidance in rats, reminiscent of the modified bidirectional tasksin whichthe adverseinfluence of a high shock intensity is eliminated (Modaresi, 1975) .
EXPERIMENT 2
Rats tend to avoid brightly illuminated places (see review by Hill, 1978 Hill, , p. 1179 , and their preference for dark or dimly illuminated places is markedly enhanced when they are frightened (Allison, Larson, & Jensen, 1967;  Whittleton et al. 1965 ). However, avoidance impairments have also been observedwith a "noise-off" CS and whenrats were required to move toward the source of the acoustic signal (Hurwitz & Dillow, 1968; Myers, 1960; Whittleton et al. 1965 ). Therefore, it has been suggested that independently of the "away-versus-toward" or the "on-versus-off" CSresponse contingency, any signal presented in a punishment context becomes aversive, leading to its avoidance (Whittleton et al. 1965 ). Classical fear conditioning to either an acoustic or a visual signal develops more promptly with increases than with decreases of the baseline stimulus intensity (Welker & Wheatley, 1977; Zielinski, 1965) , and "tone off' and "light off' exerted conditioned inhibitory, but no conditioned excitatory, control (Jacobs & LoLordo, 1980) . Under the conditions used by these investigators, "light on" was also unable to exert excitatorycontrol. By contrast, a considerable amount of work, includingthat on "light-on/light-off' comparisons mentioned above, shows that "light on" can be an effective avoidance CS (see, e.g., Bignami et al., 1971; Cicala & Azorlosa, 1984 ; Giardini, Amorico, De Acetis, .
One experiment failed to show differences in two-way avoidance acquisition in an inbred strain of mice trained either with an "away-from-light" or a "toward-light" contingency (Oliverio, 1968) . The seeming contrast between mouse and rat data spurred us to investigate the effects of opposite types of directional CS. Moreover, the explanations offered for the impairmentof rat avoidance by a "light-off' CS provided the impetus for a study of the effects of the CS variable in differentpunishment conditions. Accordingly,the two types of CS were combined with either presence or absence of intertrial response punishment and with either a low or a high shock level.
Method
Subjects, apparatus, and most procedures were as in Experiment 1. Eleven mice were assigned to each of eight conditions (see Table I ) with .35-or 1.5-rnA shock, presence or absence of intertri~respon~e p~nis~ent, and a directional CS consisting of onset of illumination either in the compartment in which a trial was started r.in the oppos~~com~ent (all groups run with the central partition). The trammg penod was extended to 3 weeks (15 sessions) due to the low avoidance level shown by most groups at the end of the 2nd week.
Results
Low avoidance performances occurred in the first 2 weeksof the experiment (Figure 3) . Effectsof the CS factor were negligible and not statistically significant. The lower shock intensity exerted a smallfacilitating influence in the 1st week, which disappeared in the 2nd week and was reversed at the end of training. An ANOYA using three blocks of five sessions each showed the intensity x blocks interaction to be significant [F(2, 160) = 6.85, P < .0025]. A progressive increase in the frequency of intertrial crosssings occurred in the groups without intertrial punishment, particularly in thoseexposedto the lower shock intensity [intertrial condition x shock intensity x blocks, F(2,160) = 4.67, P < .025]. Differences in activity due to type of CS in animals trained with a high shockintensity and withoutintertrialresponsepunishment were not significant.
Discussion
The data confirm that mice perform similarly in a twoway avoidance task when required to move away from light or toward light (Oliverio, 1968) . The present experiment extends this finding to test conditions that produce marked differences in rate of acquisition, due mainly to presenceor absenceof a passiveavoidance contingency during intertrial intervals.
These results suggestthat mice, unlike rats, are not prepared to use light and darkness as danger and safety signals, respectively. This difference may be related to the factthat mice, although more activeduringthe night, show repeated bouts of activity, feeding, and drinking in the lighted portion of the 24-h cycle as well, whereas rats show a near-complete diurnal inactivity. These activity patterns may, in tum, be relatedto metabolic requirements which differ as a function of body size.
There wasan initial facilitation of avoidance at the lower shock level and an opposite effect in later stages of training. These effects were small, when compared with those found in rats over the same intensity range (for data obtained in the same laboratory and with the same apparatus, except for the different size of the shuttleboxes used in two species, see Bignamiet al., 1971). Moreover, acquisition was quite slow even by light-CS standards (see specifically the groups in Experiments IA and 38 that were trained with 1.5-mA shock, no intertrial response punishment, the partition, a 30-sec CS-CS interval, and a maximalduration of shock of 10 sec), which may have made more apparentthe slightfacilitatory influence of the milder shock. Overall, the data confirm that, in mice, the effects of shock intensity level on two-way avoidance are absent (light CS groups in Experiments IB-1C), small ,.
-------.
,," , Session bloks Figure 3 . Avoidance acquisition by mice trained, in Experiment 2, witb opposite types of directional tight CSs (start com· partment = go away from Ught; opposite compartment = go toward Ught), a bigh or a low shock level, and witb or witbout punishment of intertriaI (I.T.) crossings (all groups witb tbe partition and 3CMec CS-CS intervals). The data are presented as blocks of ftve sessions eacb, since tbe experiment was extended to 3 weeks of training because of slow acquisition and low performance levels at tbe end of tbe 2nd week. Acquisition rate was not affected by type of CS. The lower shock intensity produced a sllgbt initial facilitation, whicb was reversed in tbe later stages of training, and an increase of I.T. crossings in tbe absence of intertriai response punishment (for rate adjustments, see caption for Figure 1 ).
The results of this experiment confirm that various CS, US, and apparatus variables interact to produce different "coping styles." Mice, like rats, showed considerable Figure 4 . Avoidance acquisition by mice trained, in Experiment 3A, withdifferentCS-CS intervaldurationsand either a directionalor a nondirectionalUgbt on CS (all groups with the partition, 1.5-mAshock, and no punishment of intertrial crossings; see text for 2nd-week data and intertrial response data omitted from the figure) . Doubling of the CS-CSinterval exerted on overall facilitating effect,whereasa directional signaIaccelerated avoidance acquisition only in animals trained with the longer CS-CS interval. as training progressed, the deficit due to the briefness of the CS-CS interval attenuated in the groups trained without the partition, particularly when the maximal shock duration was reduced [partition X interval X sessions, F(4,288) = 4.47, P < .0025; partition x maximal shock duration x sessions, F(4,288) = 4.05, P < .005; only the two groups trained with the partition and a lo-sec maximal shock duration are comparable to the groups in Experiment 3A trained with a nondirectional CS]. The second interaction confirms that a brief shock duration facilitated avoidance in the absence of a partition, but impaired avoidance in its presence. The only substantial effect on intertrial responses was a higher rate of crossings in the groups trained without the partition.
Method
The subjects, apparatus, and most of the procedures were as in the previousexperiments. In Experiment 3A, whichlasted2 weeks (10 sessions), all animals were run withthe centralpartition in place, with a shock intensity of 1.5 rnA, and without punishment of intertrial crossings(see Table I ). Twelvemice were assigned to each of four conditions, using two durations of the CS-CS interval (30 vs. 60 sec) and either a directionalor a nondirectionallighton CS. In Experiment 3B, all animals were run with a 1.5-rnA shock intensity, no punishmentof intertrial crossings, and a nondirectional light-on CS. Ten mice were assigned to each of eight conditions, with 30-or 6O-sec CS-CSintervals,presenceor absenceof the central partition, and either 5 or 10 sec of maximal shock duration in case of escape delay or failure (see Table I ). In this part of the experiment, training lasted five sessions.
(present experiment), or in a direction opposite to that expected on the basis of rat data (buzzer groups in Experiment 1B).
EXPERIMENT 3A-3B Results Experiment 3A. Data from the lst week of training are reported in Figure 4 . Data from the 2nd week did not provide additional information on between-group differences. The CS variable had no effects on intertrial responses, and the longer CS-CS interval increased the crossing rate only slightly.
A 60-sec interval yielded faster avoidance acquisition than did the 3D-sec interval [F(l,64) = 45.97, P < .001].
Bidirectional rat avoidance is markedly affected by the duration of intertrial intervals. Brief intervals, which produce high initial shock densities, lead to slower acquisition than do longer intervals. Proposed explanations include response competition and reinforcement models (Archeret al., 1984; Bignami et al., 1971; Brush, 1962; Denny, Zerbolio, & Weisman, . 1969; Kurtz & Shafer, 1967; Levine & England, 1960; McAllister et al., 1971; Murphy & Miller, 1956 ). An effect of intertrial interval has been reported in mice (Bovet, Bovet-Nitti, & Oliverio, 1968) . However, Experiment 1, which used a short CS-CS interval (30 sec), yielded slow rates of acquisition in groups trained with the light CS, but not in those trained with a buzzer CS. Therefore, the present experiment used light-cued avoidance to analyze possible interactions between the interval variable and some other selected variables.
CS-CS intervals of 30 and 60 sec were used. Since Experiments 1A-1C had used only nondirectional signals and Experiment 2 had failed to show an influence by opposite arrangements of a directional signal, Experiment 3A compared directly a directional and a nondirectional signal. Experiment 3B examined the effects of CS-CS interval and of other variables that can affect the amount of shock received in the early stages of training. The maximal duration of a high-intensityshock was varied (5 vs. 10 sec), and the animals were trained either with or without a partition.
MAXIMAL SHOCK {. avoidance facilitation when faced with a lower initial shock density. Moreover, the animals trained with the longer CS-CS interval, but not those trained with the shorter interval, exploited the directional light signal, achieving a rate of acquisition and a final performance that was much higher than those of most light groups. Mice trained in conditions that usually produce poor avoidance (a light CS and a high initial shock density) were facilitated by apparatus and US contingencies aimed at reducing initial shock exposure (the absence of a partition and a short duration of maximal shock). By contrast, mice that were required to find their way through an opening of limited size were not only not helped, but were even impaired, by a reduction of maximal shock duration.
Due to the lack of systematic data on response latencies and escape failures, considerable caution is needed in interpreting the latter effects, particularly since such failures never occurred in substantial numbers in any of the groups. Limited observations in a subsidiary experiment showed that mice, when initially exposed to shock, cross less readily to the opposite side of the box in the presence of a partition than in its absence. The interaction between this variable and the shock duration variable suggests that adequate experiments can further separate the two opposite effects of extended shock exposure in the case of initial escape delays. In fact, as is well known, prolonged punishment tends to reduce activity in subsequent no-shock periods. Under particular conditions, however, this effect may be obscured by the fact that additional shock serves to complete the appropriate response, which is a necessary prerequisite for subsequent avoidance acquisition.
GENERAL DISCUSSION
Useful information on the mechanisms underlying behavior regulation can be obtained by comparing the responses of related species to manipulation of a number of critical test variables. Mouse avoidance data allow the separation of two phenomena, the effects of shock density and shock intensity. Differences between mice and rats may occur because a smaller body size may allow faster initial acceleration on exposure to shock. This may explain the relative insensitivity of mouse bidirectional avoidance to strong punishment. In contrast, shock density is a variable fixed by the experimenter, although the duration of each shock depends on the speed of the escape response. Therefore, it is not surprising that mice and rats respond similarly to manipulations of intertrial interval length.
The overall effects of stimulus modality appear to be similar in rats and mice, although only rats show marked differences due to the "away from light" versus "toward light" contingency (for a tentative explanation see Discussion of Experiment 2). More generally, noise signals tend to be highly effective in different species, different tests, and differentversions of the same test. By contrast, light CS can produce the whole range of avoidance abilities, from no learning to fast learning, depending both on species and on conditions within a given test. Therefore, the controversy regarding the relative effectiveness of acoustic and visual cues as active avoidance CS, using rat data (Cicala & Azorlosa, 1984; Jacobs & LoLordo, 1977 , 1980 , may reflect the limited range of test conditions employed in any given experiment.
These comparisons between the results obtained in different speciesmay be biasedby the factthat the present experiments were performed during the dark portion of the cycle (for a rationale, see Procedure in Experiments 1A-1 C). As already emphasized, however, some of the data were in agreement with those of previous mouse experiments carried out in other laboratories.
Moreover, it appears unlikely that the effects of time of testingcan be selective to the point of producing both substantial analogies and marked differences betweenmouse and rat avoidance, depending on the particular variable or combination of variables.
The data so far discussed suggest that the role of organismic variables is often overemphasized, due to the difficulty in understanding interactions between test variables. For example, severalinvestigators haveemphasized the dramatic effects of bidirectional genetic selection on rat avoidance (e.g., Bignami, 1965) , or the markeddifferences in avoidance betweenmiceof various inbredstrains, rather than explaining why an animal of a particularstrain can be either an excellent or a very poor learner in what may superficially appear to be slightly different versions of the same task.
A final point concerns the relative capacity of alternative avoidance models to explain the mouse data. Differences in "coping styles" produced by the joint influence of several test variablescouldconfirm (or disconfirm) any of the available models. Buzzer avoidance is acquired without difficulty, even under the most unfavorable conditions (e.g., when a high initial shock density, punishment of intertrial crossings, and a partition are combined). Apparently, only an organismic process such as that proposed by Bolles (1970) can cope with this type of data.
However, the effects of other variables on avoidance are more easily explained by one or the other version of the reinforcement model (see, particularly, the discussion by Jacobs & LoLordo, 1980) . This applies, for example, to avoidance facilitationby a directional light CS only in mice trained with an extended CS-CS interval: this cannot be explained by a greater readiness of shocked mice to move toward dark rather than toward light. Moreover, if place discriminability were responsible for the observed differences, a facilitation by the directional signal would have been obtained at both CS-CS interval durations. A reinforcement model can account for the fact that (after attenuation of fear conditioning to apparatus cues by the lowering of shockdensity) the reinforcing values of stimulus situations associated with danger and safetycan be enhanced by a directional quality of the available signal.
Other models offer littleto explainthe presentdata. Explanations based mainly on reduction of shock density by the animal's response (Herrnstein, 1969; Herrnstein & Hineline, 1966) predict better performance at high shock densities, at least in the absence of intertrial response punishment. This predictionis correct in the case of tasks using manipulatory responses (see particularly the discussions in Morris, 1974, and Rakover, 1980) , but the data on bidirectional locomotor avoidance are the opposite.
The wide range of complementary processes unveiled by fine-grain analyses of avoidance results does not appear to be amenable to explanation by any single model. This inference is not new, as indicated, for example, by the fact that 20 years ago peoplewere working in the same laboratory to showboth that avoidance response feedbacks acquired conditioned inhibitory control (Soltysik & Kowalska,1960; Konorski, 1967) and that short-latency avoidance responses could not be explainedby two-factor models (Zielinski, 1966 (Zielinski, , 1972 . In recent years, both reinforcement and preparedness models have been modified to accountfor an increasing bodyof complexdata (Bolles, 1978; Crawford & Masterson, 1982; Jacobs & LoLordo, 1980) . As shownby the presentand relatedwork, an analysis of the phenomena revealed by experiments with different species can contribute to our understanding of the differences in •'coping styles" that depend on organismic and test variables.
